Results
The known compounds, including three guignardianones (4−6) and three guignardone-type meroterpenoids (7−9) were identified as (S, Z)-guignardianone C (4) 15, 16 , (S, Z)-botryosphaerin B (5) 17 , (S, Z)-phenguignardic acid methyl ester (6) 15,16 , (4S, 6R, 9S, 10R, 14R)−17-hydroxylated guignardone A (7) 18 , (4S, 6R, 9S, 10R, 14R)-guignardone B (8) 19 , and (4S, 6R, 9S, 10S, 12S, 14R)−12-hydroxylated guignardone A (9) 18 by comparisons of their NMR (recorded in CDCl 3 ) and ECD data with references. In addition, the NMR data of 4 in CD 3 OD (Tables S4) Hz)], and three methyls [δ H 1.29 (3H, s), 1.07 (6H, d, J = 6.9 Hz)] were observed. Among them, the five aromatic protons indicated the existence of a mono-substituted benzene ring moiety in 1. Combined with the DEPT-135 spectrum, 31 signals were observed in the 13 H COSY experiment, four subunits (C-4-C-5, C-8-C-9-C-14-C-13-C-12, C-5′-C-6′-C-7′-C-8′-C-9′, and C-13′-C-12′-C-14′) were revealed as shown in Fig. 2 . Combined with the analysis of 1 H− 1 H COSY, the HMBC correlations (Fig. 2 ) from H-4 to C-2/C-3/C-6/C-7, from Ha-5/Hb-5 to C-1/C-3/C-6/C-7, from Ha-7/Hb-7 to C-1/C-4/C-5/C-6, from Ha-8/Hb-8 to C-1/C-2/C-3/C-10/C-14, from H-9 to C-10, from H 3 -11 to C-9/C-10/C-12, from Ha-16/Hb-16 to C-14/C-15/C-17, and from H 2 -17 to C-14/C-15/C-16 revealed a guignardone-type meroterpenoid moiety in 1. In addition, the HMBC correlations (Fig. 2 ) from H-3′ to C-1′/C-2′/C-5′/C-9′, from H-5′/H-9′ to C-3′, from H-6′/H-8′ to C-4′, from H-7′ to C-5′/C-9′, from H-12′ to C-10′/C-11′, from H 3 -13′ to C-11′/C-12′/C-14′, and from H 3 -14′ to C-11′/C-12′/C-13′ revealed a guignardianone moiety in 1, combined with a comparison of NMR data with (S, Z)-guignardianone C (4) 15, 16 and the above analysis of 1 H− 1 H COSY. Based on the molecular formula and the key HMBC correlation from H 2 -17 to C-10′, these two moieties can be combined, and the planar structure was established as shown in Fig. 2 . This is the ester of a guignardone-type meroterpenoid and a guignardianone, and the assignments of NMR data can be found in Table 1 .
The key NOESY correlations (Table S1 ) between H-5′/H-9′ and H 3 -13′/H 3 -14′ indicated that the configuration of the double bond of ∆ 2′ as Z. Furthermore, the 13 C NMR data of guignardianone unit in 1 were quite similar to those of (S, Z)-guignardianone C (4) 14, 16 , which confirmed the above deduction. In addition, the alkaline hydrolysis of 1 give a major reaction product (1a) that was identified as (4S, 6R, 9S, 10R, 14R)−17-hydroxylated SCIeNTIfIC REPORTS | 7: 12925 | DOI:10.1038/s41598-017-13407-y guignardone A (7) 18 by HPLC, NMR data, and electronic circular dichroism (ECD) comparisons ( Figures S1-S3 ). Thus, the absolute configurations of C-4, C-6, C-9, C-10, and C-14 in 1 were deduced to be the same as those in 7.
The structure of 1 is composed of a guignardone moiety and a guignardianone moiety, so the observed ECD of 1 should result from the summed contributions of these two moieties based on the ECD additivity rule in diketones 19 . According to the structure, 7 can represent the contribution of the guignardone moiety, while 4 or the enantiomer of 4 can represent the contribution of the guignardianone moiety. The simulated ECD curve of 1, which was the sum of the experimental ECD data of 4 and 7, was similar to that of the experimental ECD curve of 1 (Fig. 3 ), therefore we deduced that the configuration of C-11′ in 1 should be the same as that in 4. Thus, the absolute configuration of 1 was determined as 4S, 6R, 9S, 10R, 14R, 11′S.
Phyllomeroterpenoid B (2) (Table S2 ) and the comparison of NMR data with (S, Z)-guignardianone C (4) (Table S4) revealed that 2 was the ester of a guignardone-type meroterpenoid and a guignardianone unit. A precise comparison of 1D NMR data of 2 (Table 1) with (4S, 6R, 9S, 10R, 14R)-guignardone B (8) (Table S5) showed an obviously downfield shifted carbon at C-15, which suggested that the esterification was at C-15 in 2. Therefore, the planar structure of 2 was established as shown in Fig. 1 . Combined with the carbon NMR data comparison with (S, Z)-guignardianone C (4) (Table S4) , the key NOESY correlations (Table S2 ) between H-5′/H-9′ and H 3 -13′/H 3 -14′ revealed the configuration of the double bond of ∆ 2′ as Z. With the same alkaline hydrolysis experiment (Figures S4-S6 ) and the comparison analysis of the simulated ECD with the experimental ECD data (Fig. 4) as described in 1, the absolute configuration of 2 was determined as 4S, 6R, 9S, 10R, 14R, 11′S.
Phyllomeroterpenoid C (3) was obtained as a yellowish oil, and its molecular formula was the same as that of 1 (C 31 H 34 O 9 ) as determined by HRESIMS. Based on comparison of the NMR data with (S, Z)-guignardianone C (4) 15, 16 and detailed NMR analyses (Table S3) , the planar structure of 3 was established as shown in Fig. 1 , and the assignments of NMR data can be found in Table 1 .
Combined with the carbon NMR data comparison with (S, Z)-guignardianone C (4) 15, 16 , the key NOESY correlations (Fig. 5 ) between H-5′/H-9′ and H 3 -13′/H 3 -14′ indicated the configuration of the double bond of ∆ 2′ as Z. In addition, the key NOESY correlations (Fig. 5 ) between H 3 -11 and H-9/Hb-8, between Hb-13 and H-9, between Ha-8 and H-14, between H-12 and H-14, and between H-14 and Hb-7, and the coupling constants of 3 J H-12, Hb-13 (2.2 Hz) and 3 J H-12, Ha-13 (6.9 Hz) in 3 were the same as those in 9 ( Table S6 ), indicating that the relative configuration of the guignardone moiety in 3 is 4S*, 6R*, 9S*, 10S*, 12S*, and 14R*, which is the same as 9. Since 3 and 9 coexist in Phyllosticta sp. J13-2-12Y, the configurations of C-4, C-6, C-9, C-10, C-12, and C-14 in 3 should be the same as those in 9.
With the same comparison analysis of the simulated ECD with the experimental ECD data (Fig. 6 ) as described in 1, the absolute configuration of 3 was determined as 4S, 6R, 9S, 10S, 12S, 14R, 11′S.
The antimicrobial activities of the isolated compounds were evaluated against Staphylococcus aureus 209P (bacterium) and Candida albicans FIM709 (fungus). All compounds exhibited different antimicrobial activities (Table 2 ). Especially, 6 displayed obvious antimicrobial activities against S. aureus 209P and C. albicans FIM709 with MIC values of 4 μg/mL.
Discussion
Guignardone-type meroterpenoids are a rare kind of meroterpenoids that are composed of one C7 unit and one monoterpene unit derived from the pentose phosphate/terpenoid pathways 20 . Up to present, about 30 members 18,21-28 with tricyclic or tetracyclic skeletons have been reported from Guignardia sp. 18, [21] [22] [23] [24] [25] [26] , Pycnoporus sanguineus 27 , and Aspergillus sp. 28 , and they showed antifungal 18 , antibacterial 23 , cytotoxic 25 , and Toll-Like Receptor 3 regulating activities 26 . Guignardianones are a special kind of fungal-derived benzylidene dioxolanones derived from the amino acid pathway 15, 29, 30 , and they exhibit antifungal 18 and antibacterial 31 activities. Up to now, only 13 natural guignardianones have been reported from Guignardia sp. 15, 16, 18, 28, 31, 32 , Botryosphaeria sp. 17 and Aspergillus sp. 30 . On the basis of our chemical investigation, three known guignardianones (4-6), and three known guignardone-type meroterpenoids (7-9) were isolated from the TCM endophytic fungal strain of Phyllosticta sp. J13-2-12Y. In addition, unusual meroterpenoids (1-3) , the heterozygotes of guignardianone and guignardone-type meroterpenoid were also obtained. Phyllomeroterpenoids A-C (1-3) are composed of one guignardianone unit, one C7 unit, and one monoterpene unit, and they are multi-biosynthetic pathway derived meroterpenoids from the amino acid/pentose phosphate/terpenoid pathways. They could originate from phenyalanine 30 , 2-epi−5-epi-valiolone (EEV) 33 , and a monoterpenoid as shown in Fig. 7 . (Phenomenex Gemini C18 column, 5 μm, 4.6 × 250 mm) with MeOH-H 2 O (67:33, v/v) at 1 mL/min, and its 1 H NMR spectrum and ECD spectrum were identical with those of 8 ( Figures S5 and S6 ).
Materials and Methods

General Experimental
Antimicrobial Assay. The antimicrobial activities against S. aureus 209P and C. albicans FIM709 were measured in sterile 96-well plates using the broth microdilution method 34, 35 , and the detail can be found in supporting information.
